Background: Patients with cancer have several risk factors for Clostridium difficile infection (CDI), but the impact of CDI on outcomes in this population needs elucidation. We analyzed the incidence of CDI and its impact on outcomes in patients with cancer using the National Hospital Discharge Survey (NHDS) database from 2001 to 2010. Methods: Diagnosis codes were used to identify patients with cancer and CDI events. Demographics, diagnoses, length of stay (LOS), and discharge information were abstracted. Multivariate linear and logistic regression models with weighted analysis were conducted to study CDI incidence and CDI-associated outcomes. Analyses were performed using SAS version 9.4. Results: During the 10-year study period, 20.1 million discharges had a cancer diagnosis. CDI developed in 1.09% of patients with cancer versus 0.77% of patients without cancer (adjusted odds ratio [aOR], 1.28; 95% CI, 1.28-1.29; P<.001). The incidence of CDI in patients with cancer increased during the 10-year study period (64.7 per 10,000 discharges in 2001-2002 to 109.1 in 2009-2010; P<.001). In multivariable analysis, compared with patients with cancer without CDI, patients with cancer and CDI had a longer mean LOS (5.67 days; 95% CI, 5.39-5.94) and higher rates of in-hospital mortality (aOR, 1.18; 95% CI, 1.16-1.20) and discharge to a care facility (aOR, 1.74; 95% CI, all P<.001). Conclusions: In this national database, CDI incidence increased significantly in patients with cancer over the study period and was associated with prolonged hospitalization, increased mortality, and discharge to a care facility. Despite increased attention, CDI remained a serious infection and merits appropriate prevention and management.
Trends in the Incidence and Outcomes of Hospitalized Cancer Patients With Clostridium difficile
with CDI. [10] [11] [12] A study using the National Inpatient Sample from 2005 to 2011 reported that patients with leukemia have a 2.6-times higher incidence of CDI than those without leukemia, and that CDI was associated with higher mortality and length of stay (LOS). 13 A similarly increased rate of CDI has also been reported in stem cell transplant recipients, who have a unique risk factor profile given profound immunosuppression, use of prophylactic antibiotics, mucositis, and GVHD.
14 Although high rates of CDI in patients with cancer have been recognized since the 1980s, the existing literature has focused on CDI in hematologic malignancies. 15 The epidemiology of CDI in other patients with cancer remains largely understudied. 16, 17 CDI may also be more refractory to standard therapy in patients with cancer than in those without. 18 Thus, elucidating the epidemiology of CDI and its impact on outcomes in patients with cancer is imperative.
We used the National Hospital Discharge Survey (NHDS) database to evaluate the incidence of CDI in patients with both solid organ and hematologic cancers, incidence trends over time, and outcomes in these patients compared with those with cancer without CDI.
Methods

Data Source
The NHDS is a national survey that collects discharge information from nonfederal short-stay hospitals (average LOS, <30 days) conducted annually since 1965. [19] [20] [21] Available information includes patient diagnosis codes, demographics, type of admission (ie, emergent/urgent or elective), LOS, in-hospital mortality, and discharge location. The database is accessible online at http://www.cdc.gov/nchs/nhds. htm. All diagnoses are based on ICD-9-CM codes.
Data Collection
Data collected and analyzed included age, sex, race, admission type (urgent/emergent vs elective), hospital characteristics, LOS, discharge location, and mortality for all patients discharged between January 1, 2001, and December 31, 2010. Patients <18 years of age were excluded from analyses.
Definitions of Variables
Patients with cancer, CDI, and those with both diseases were identified by ICD-9-CM diagnosis codes. The codes to capture patients with cancer are presented in supplemental eTable 1 (available with this article at JNCCN.org). We included both solid and hematologic cancers. The broad categories of solid cancers included gastrointestinal, genitourinary, breast, lung, head and neck, and cranial cancers; melanoma; and Kaposi sarcoma, whereas hematologic cancers included leukemia and lymphoma. Subgroup analyses for solid and hematologic cancers were performed separately, because the epidemiology and outcomes of CDI may be different in these populations. ICD-9-CM code 008.45 was used to identify patients with CDI, which has been validated in previous studies. [22] [23] [24] The NHDS classifies discharges into one of several categories: routine and/or discharged home, discharged to a short-term healthcare facility, discharged to a long-term healthcare facility, left against medical advice, death during hospitalization, or unknown discharge status. Patients discharged to healthcare facilities (either short-or long-term) were classified as "discharged to a care facility" (DTCF).
Comorbidities including congestive heart failure, valvular disease, pulmonary circulatory disease, peripheral vascular disease, diabetes mellitus with complications, hypertension, liver disease, and obesity were identified using ICD-9 diagnosis codes and diagnosis-related group codes.
Statistical Analyses
Demographic and clinical data were summarized using frequencies and percentages for categorical variables and means/medians for continuous variables. There were 2 continuous variables reported in our study: age and LOS. We reported the median with age because the median is unbiased. For LOS, we reported the mean because we used a linear regression to analyze LOS, which uses the mean LOS. To determine whether there were any outliers, we repeated the analyses using a logarithmic transformation on LOS and had similar results. All analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC). Weighted analyses were used in all regression models to obtain nationwide estimates and account for the stratified sampling process of the NHDS database. 19, 21 Wilcoxon rank sum tests and chi-square tests were used to compare medians and proportions, respectively, in patients with any cancer with and without CDI (as in Table 1 ). Logistic regression (and linear regression for LOS) was used to calculate P values adjusted for age, sex, admission type, congestive heart failure, valvular disease, pulmonary circulatory disease, peripheral vascular disease, diabetes mellitus with complications, hypertension, liver disease, and obesity. Logistic regression was also used to examine associations between CDI incidence rates per 10,000 discharges and the presence of cancer diagnoses. Trends in rates of CDI across calendar periods by cancer diagnosis were calculated using a proportional odds model. We used linear regression to examine associations between mean LOS and presence of CDI. Finally, logistic regression was used to determine associations with DTCF and in-hospital mortality. Patients with discharge disposition set to unknown/ other discharge status were not included in the discharge analysis. Adjusted P values were calculated for all models using the previously listed adjustors; P<.01 was determined to be statistically significant.
When appropriate, continuous variables were reported as mean or median. Categorical variables were reported as percentages and compared using odds ratios (ORs) and adjusted ORs (aORs), and 95% CIs.
Results
Demographics
An estimated 317.9 million adult hospital discharges were evaluated, with a median age of 58 years (61.0% female, 61.6% white). Overall, 64.8% of admissions were classified as emergent/urgent. There were 20.1 million (6.3%) cancer cases, with a median age of 68 years (48.5% female, 64.5% white). According to primary site, gastrointestinal (4.6 million), lung (3.7 million), lymphoma (2.6 million), prostate (2.1 million), and breast (1.7 million) cancers were the most common. These 20.1 million cancer hospitalizations were regarded as the primary study population.
Incidence Data
Overall, there were 2.2 million (0.7%) CDI cases, of which 0.2 million were in patients with cancer ( Table 1 ). The overall incidence of CDI was 109.5 per 10,000 cancer discharges compared with 66.9 per 10,000 in patients without cancer (aOR, 1.28; 95% CI, 1.28-1.29; P<.001). Significant trends were observed in CDI incidence during the study period ( Figure 1 ). In patients without cancer, the incidence of CDI per 10,000 discharges increased from 49. The median age of patients with cancer with and without CDI was 71 and 68 years, respectively (P<.001). A greater proportion of patients with cancer and CDI were elderly (>65 years of age), white, had an emergency/urgent admission versus a routine admission, were admitted in the Northeast, and in medium-sized hospitals (bed size, 200-499) compared with patients with cancer without CDI ( Table  1 ). The highest rates of CDI were seen in patients with leukemia (288.9/10,000 discharges), Kaposi sarcoma (242.9/10,000 discharges), and lymphoma (183.9/10,000 discharges) (supplemental eTable 2). This was followed by gastrointestinal (105.1/10,000 discharges), lung cancer (87.6/10,000 discharges), and head and neck cancers (91.2/10,000 discharges). Patients with intracranial neoplasms (43.2/10,000 discharges) and melanoma (30.3/10,000 discharges) had lower rates of CDI than patients without cancer (P<.001; supplemental eTable 2).
Outcomes Data
Outcomes data are presented in 
Hematologic Cancers
A total of 4.0 million hospitalizations with a diagnosis of leukemia (1.5 million) and/or lymphoma (2.6 million) occurred in the 10-year study period. These patients' had a median age of 69 years, 44.9% were female, and 67.0% were white. CDI was reported in 890,000 of these admissions with a rate of 288.9 per 10,000 discharges in patients with leukemia and 183.9 per 10,000 discharges in those with lymphoma (supplemental eTable 2). aOR for the incidence of CDI in patients with hematologic malignancies (vs no hematologic malignancy) was 2.40 (95% CI, 2.39-2.42; P<.001). In adjusted models, CDI (vs no CDI) was associated with longer mean LOS (6.74 days) and increased risk of in-hospital mortality (aOR, 1.73) and DTCF (aOR, 1.68) in patients with hematologic malignancies (supplemental eTable 3).
Solid Cancers
A total of 16.2 million hospitalizations with a diagnosis of solid cancer occurred in the 10-year study period. These patients had a median age of 68 years, 49.3% were female, and 63.9% were white. CDI was reported in 133,000 of these admissions, with a rate of 82.0 per 10,000 discharges in patients with solid cancers. In adjusted models, CDI (vs no CDI) was associated with longer mean LOS (4.65 days) and increased risk of DTCF (aOR, 1.74) (supplemental eTable 4).
Discussion
In this large, national, hospitalized patient sample, patients with cancer had a high rate of CDI with a significant increase in incidence from 2001 to 2010. In patients with cancer, CDI was associated with a longer hospitalization, increased inpatient mortality, and increased likelihood of DTCF compared with patients with cancer without CDI.
Prior studies on the epidemiology of CDI in patients with cancer have largely been limited to hematologic malignancies. A study from the National Institute of Science (NIS) found an almost 5-fold higher incidence of CDI in stem cell transplant recipients and identified GVHD as a specific association with CDI. 14, 25 In our study, patients with leukemia, lymphoma, and Kaposi sarcoma had the highest rates of CDI, likely related to prolonged immunosuppression and high rates of chronic antibiotic use. 26 In our study, compared with patients with cancer without CDI, those with CDI were more likely to be older, white, and from the Northeast. Age is a known risk factor for CDI, 21 and higher rates of CDI in whites and the Northeast have been demonstrated previously in the NHDS.
27,28 CDI rates were also related to admission status (elective vs not) with patients with cancer and CDI more likely to have emergent/urgent admissions. The rate of CDI in patients with cancer increased overall during the study period, with a peak incidence in 2007 to 2008. Unique environmental sources of CDI in these patients must be considered, because this was observed despite nationwide inpatient prevention strategies. Recent increases in CDI incidence have also been linked to the introduction of more sensitive molecular diagnostic tests (nucleic acid amplification tests or polymerase chain reaction), which detect microbial DNA instead of the toxin itself. 29 Because the method of CDI diagnosis was not available in the NHDS, whether the increase in incidence is also related to this is unclear.
In our study, CDI was associated with longer LOS, increased mortality, and DTCF, highlighting the burden that CDI places on patients with cancer. Given the cross-sectional data and lack of data on temporal association, it is plausible that cancer might have led to worse CDI outcomes (vs the hypothesis that CDI worsened cancer outcomes). Using the 2011 NIS database, Kassam et al 30 developed a novel C difficile-associated risk of death score (CARDS) to predict the risk of mortality in hospitalized patients with CDI, and malignancy was a component of that score, contributing 2 points to a maximum overall score of 19. A study over 7 years covering 186 US hospitals found that cancer was a predictor of longer LOS in hospitalized patients with CDI. 31 Malignancy has also been shown to be an independent risk factor for CDI recurrence, 32 and we were unable to differentiate the first episode versus recurrence of CDI in this study. Poor outcomes may be due to patients with cancer responding less well to standard anti-CDI therapy, including vancomycin. 18 The longer LOS in our study may also represent increased opportunity to acquire CDI, because LOS increases the risk of contracting hospital-acquired infections. 33, 34 Trends in outcomes over the study period reveal a U-shaped relationship with time; the adjusted mean difference in LOS was at its lowest point during the middle period of the study; it then worsened during the latter part of the study period. The odds of mortality and DTCF in patients with cancer and CDI also hit a nadir in 2005 to 2006. This could be epidemiologically related to the rapid spread of hypervirulent C difficile strains over the latter part of the past decade, which contributed to worse outcome during this time. 2, 35 Our study has important limitations. Although we included all hospitalized patients from the NHDS database, this national survey only represents approximately 1% of all hospitalizations in the United States. Given the nature of the study's cross-sectional design, longitudinal follow-up could not be assessed. We likely underestimated the overall CDI burden, because we solely studied inpatient CDI; a large group of patients with prior healthcare exposure are diagnosed with CDI outpatient. Because the NHDS does not individually identify patients, over the course of the study a patient could appear in the data set multiple times, potentially leading to hierarchical clustering of data. We did not have information about the duration, stage, or treatment modality used (including chemotherapy) for most cancers, or the severity of CDI. We also lacked details on recent antibiotic exposure, CDI treatment, strain type, detection method, or route of CDI acquisition (ie, community-versus hospital-acquired).
Conclusions
Our data support that CDI occurs in higher rates in patients with cancer and is associated with worse morbidity and mortality. Appropriate prevention strategies, treatment, and close clinical follow-up are thus warranted.
